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Abstract
Objective Our objective was to develop and test a discrete-choice experiment (DCE) survey to elicit adolescent and parent 
preferences for dental care for hypodontia (a developmental condition where one or more teeth fail to develop).
Methods This was a mixed-methods study. Participants were adolescents (aged 12–16 years) with hypodontia and their 
parents and the dentists providing hypodontia care. Stage one entailed attribute development, as follows. (1) Attribute identi-
fication: systematic review of hypodontia literature; interviews with adolescents with hypodontia (n = 8) and parents (n = 8); 
observation of hypodontia clinical consultations (n = 5); environmental scan of hypodontia patient information resources 
(n = 30); and systematic analysis of social media posts (n = 176). (2) Attribute selection: stakeholder consultation to develop 
items for a questionnaire; rating and ranking questionnaire for adolescents with hypodontia and parents (n = 18); further 
stakeholder consultation. Stage two involved the development of the DCE survey, and stage three included the pre-testing 
using cognitive interviews with adolescents (n = 12) and parents (n = 8) to assess face and content validity.
Results The attribute long list included 27 attributes focusing on service delivery and treatment outcome, from which seven 
‘important’ attributes were selected for pre-testing. Cognitive interviewing suggested adolescents found the DCE choice 
tasks challenging to understand; the survey was modified to enhance its acceptability. One attribute was excluded as it 
showed poor validity with adolescents. Pre-testing suggested DCE choice tasks encouraged thinking and discussion about 
preferences for treatment.
Conclusions Including the target respondent group in all stages of DCE development ensured the final DCE survey was 
valid and acceptable. DCE methods appear to be a useful tool for exploring joint decision making alongside conventional 
preference elicitation.
Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s4027 1-018-0338-0) contains 
supplementary material, which is available to authorized users.
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Key Points for Decision Makers 
Including the target population at all stages of the dis-
crete-choice experiment (DCE) development optimised 
the identification and selection of valid and relevant 
attributes.
The mixed-methods approach to pre-testing provided 
rich data to guide modifications to the DCE to improve 
its validity and suitability for use with adolescents.
The proposed use of the DCE survey to observe joint 
adolescent–parent preference elicitation and decision-
making processes is supported by evidence gained from 
this study.
1 Introduction
Hypodontia is the developmental absence of one or more 
teeth, excluding third molars. It affects 3.5–6.5% of the 
population in the permanent dentition and is a life-long 
condition [1]. Diagnosis usually occurs in adolescence, 
necessitating treatment planning between young patients, 
their parents and the dental team. Often, more than one treat-
ment option is available, each with differing outcomes and 
a range of long-term impacts [2]. Understanding adolescent 
preferences is fundamental to supporting effective decision 
making and provision of evidence-based care [3]. To date, 
no studies have explored adolescent and parent preferences 
for dental treatment for hypodontia or their joint decision-
making processes.
Discrete-choice experiments (DCEs) enable prefer-
ences to be estimated for complex goods/services using 
constructed hypothetical scenarios; this enables manipula-
tion and control over the choice situation [4]. This paper 
reports the studies involved in the development of a DCE 
survey to elicit adolescent, parent and joint adolescent–par-
ent preferences for hypodontia care. DCE methods have 
been widely used in healthcare [5–7], but their application 
in dentistry is more limited [8]. Preference elicitation using 
DCEs with adolescents is an emerging area; however, to 
date, only six studies in healthcare have included respond-
ents aged < 18 years [9–14]. Previous DCE studies have 
measured joint preferences, but these have been advocate 
preferences, for example, a parent selecting preferences 
for their child [15–17], health professionals choosing for 
their patients [18] or a comparison of preferences between 
independent respondent groups [19, 20]. Only one health-
care study used DCEs to measure preferences of related 
respondents [21], and this was a pilot study with only nine 
parent–child dyads. Outside healthcare, one study reported 
using DCE methods to compare the individual and joint 
preferences of 45 couples for beaches; however, no qualita-
tive information was obtained to understand the negotiation 
process [22].
This research aims to develop a DCE survey to elicit pref-
erences for hypodontia care from adolescents and adoles-
cent–parent dyads. The DCE survey was tested to establish 
its validity for use with adolescents and the feasibility of 
using the DCE as a tool to explore joint decision-making 
processes.
2  Methods
A number of multi-attribute stated-preference-elicitation 
methods exist, but little robust evidence is available to deter-
mine which is most appropriate. DCE was chosen because 
the underlying task—in this case choosing between alter-
native treatments—more accurately reflects the real-world 
decision context than other methods, such as best–worst 
scaling, where the best and worst attributes are selected. 
Furthermore, this study provided a valuable opportunity 
to examine the suitability of DCEs for eliciting joint and 
adolescent preferences and to explore whether DCEs have 
scope to encourage adolescent and parent engagement in 
decision making.
DCE development was undertaken in sequential steps 
(Fig. 1) following best practice guidance [23–25]. Particu-
lar attention was given to the intended use of the survey for 
adolescent and joint adolescent–parent preference elicita-
tion. Qualitative methods were incorporated at all stages 
of the DCE development to ensure adolescent and parent 
perspectives were represented [26–29]. The methods and 
approach for analysis for each stage are summarised in the 
following sections.
2.1  Compliance with Ethical Standards
Ethical approval was granted by the North West National 
Health Service (NHS) Research Ethics Committee (15/
NW/0804), and permission was granted by each partici-
pating site. Additional ethical approval was obtained from 
the University of Leeds Dental Research Ethics Committee 
for the attribute selection survey involving members of the 
public recruited via Facebook (DREC 040917/SB/235 on 
9.11.17). The study was adopted by the National Institute 
for Health Research (NIHR) Clinical Research Network and 
conducted in accordance with the ethical principles outlined 
in the 1964 Declaration of Helsinki and its later amend-
ments or comparable ethical standards. Informed consent 
was obtained from all individual participants included in 
the study.
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Fig. 1  Steps in the development 
of the discrete-choice experi-
ment (DCE) survey Attribute development
Attribute identification using mixed methods involving target population
Attribute selection using qualitative and quantitative methods
Attribute framing and designation of attribute-levels
Experimental design and construction of tasks
Experimental design: Fractional factorial using a multinomial logit model with main 
effects, d-optimising efficiency and excluding dominant choice sets
32 Choice Tasks included as 4 blocks of 8 tasks
Tasks: Paired profiles, unlabelled with opt out after forced choice
Survey design
DCE survey sections: Study information; Demographic characteristics; DCE task; 
Decision-making questionnaire
Survey appearance; layout, colours, graphics
Piloting and feasibility
Cognitive interviewing with adolescents with hypodontia and parents
Analysis of respondent feedback with iterative modification and re-testing
Statistical analysis of numerical preference data
Finalisation of DCE Survey
Protocol for DCE Survey
Cross sectional: UK-wide online survey to elicit preferences from adolescents with 
hypodontia and parents 
Face-to-Face: Observation of individual and joint DCE survey completion by 
adolescent-parent dyads 
2.2  Stage One: Attribute Development
Attribute development included two distinct steps:
1. Attribute identification.
2. Attribute selection and framing.
2.2.1  Attribute Identification
The attributes of hypodontia treatment were identified using 
mixed methods involving important stakeholder groups, 
including dentists and service providers in primary and 
secondary care and adolescents with hypodontia and their 
parents.
Dentist perspective was captured through a systematic 
review of outcomes used in primary empirical studies to 
assess the effectiveness and impact of hypodontia care [30]. 
In total, 56 papers were identified that provided evidence 
about the outcomes judged to be important by research-
ers and service providers. Alongside this, the information 
provided to adolescents and parents by dentists during the 
decision-making process was analysed using two methods. 
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First, written (n = 18) and online (n = 12) patient information 
for hypodontia and its treatment was analysed [31]. Second, 
five inter-disciplinary clinical consultations between ado-
lescents, their parents and the dental team were observed by 
one researcher (SB), and the content of the discussion was 
analysed. For the clinical observations, participants were 
purposively sampled from two hospital clinics to provide 
diversity in the sample based on adolescent demographics 
(age, sex, severity of hypodontia, stage of treatment) and 
the dental team (type of dental specialist, grade and experi-
ence). Consultations were audio-recorded without interfer-
ence from the researcher and transcribed for analysis using 
the framework method [32, 33].
To capture adolescent and parent perspectives, semi-
structured interviews with young people aged 12–16 years 
with hypodontia (n = 8) and their parents (n = 8) were under-
taken. Adolescents were identified from treatment clinics in 
two hospitals using a purposive sampling matrix based on 
age, sex, severity of hypodontia and stage of treatment. A 
topic guide was developed and iteratively developed for use 
in the interviews. Interviews were undertaken with the ado-
lescent first, then the parent was invited to join to add their 
perspective. Interviews were audio-recorded, transcribed and 
analysed using the framework method. To provide additional 
information from the perspective of people affected by hypo-
dontia, a systematic search and evaluation of posts relating 
to hypodontia on social media was performed [34].
Information gained from the attribute-identification 
methods was synthesised by one researcher (SB). A prelimi-
nary framework for coding and categorising attributes was 
devised and revised iteratively by the research team. Attrib-
ute themes developed under two broad categories: attributes 
relating to service delivery (process) and attributes relating 
to treatment outcome (Table 1). Different approaches for 
describing attributes were recorded.
2.2.2  Attribute Selection and Framing
Attribute selection followed an iterative process to encour-
age an evidence-based and patient-centred set of attributes; 
few previous studies have explicitly reported this process 
[6–20]. Mixed methods were used, including stakeholder 
consultation and a questionnaire to rate and rank attributes.
Stakeholder consultation involved adolescent–parent 
representatives, dental professionals involved in hypodon-
tia care and members of the research team with expertise 
in stated-preference methods and decision making. Three 
pairs of adolescent–parent representatives were identified 
by one member of the research team (SB) during routine 
clinical activity and invited to participate in consultations 
as ‘experts’ rather than as research participants. The pur-
pose of the consultation process was explained, and train-
ing, support and the opportunity to withdraw was provided. 
At their request, the adolescent–parent representatives were 
seen separately to the other groups to ensure the adolescents 
felt at ease and to encourage open discussion. The dental 
professionals’ group included a convenience sample of five 
specialists selected from the clinical teams working with 
one researcher (SB). Clinicians were consulted in groups or 
individually to fit with clinical commitments.
The first consultation process aimed to refine the raw 
data from attribute-identification methods into a long list of 
potential attributes. The attributes were presented to each 
group and discussed to explore their meaning, relevance 
and perceived application to hypodontia care. Notes were 
made throughout the consultations and used to revise and 
modify the attribute framework. Adolescent–parent consul-
tations explored the perceived relationship within and across 
attribute concepts and assessed the face validity of attributes. 
Attributes that were duplicates or irrelevant to adolescents 
and parents were excluded to develop a long list of attributes.
The long list of attributes was used to design an online 
questionnaire for adolescents with hypodontia and par-
ents to rate and rank the attributes; this included 16 attrib-
utes related to service delivery and 11 related to outcome 
(Table 1 in the Electronic Supplementary Material [ESM]). 
Respondents were asked to rate how important each attribute 
was on a scale of 1 (not important) to 5 (very important) and 
select the six most important attributes for service delivery 
and outcome. The questionnaire is available on request. The 
questionnaire was converted into an online survey tool and 
distributed to participants via a unique link. Participants 
were recruited from a Facebook support group for people 
with hypodontia, limited to people living in the UK.
Attribute scores from the questionnaire were used to 
guide further stakeholder consultation to select ‘important’ 
attributes for testing. Aggregate scores were discussed, and 
the most useful and relevant attribute for representing a con-
cept was identified. Adolescents and their parents confirmed 
the acceptability and face validity of the attributes, informed 
the suitability of dimensions for the attribute levels and pro-
vided information about appropriate language and framing.
2.3  Stage Two: DCE Survey Development
DCE design and survey development followed best practice 
guidance [24, 25], including consideration of the 10-point 
checklist for conjoint experiment design provided by the 
International Society for Pharmacoeconomics and Outcomes 
Research (ISPOR) [23].
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2.3.1  Experimental Design
A fractional factorial experimental design was selected 
because of the impractical number of options created by a 
full factorial design  (35 × 22 = 972 choices). A multinomial 
logit model with main effects design was specified in Ngene 
v1.2 (ChoiceMetrics) with d-optimising efficiency, exclud-
ing dominant choice sets. The design was checked for level 
balance across choice tasks and plausibility. As the ideal 
number of choice tasks remains controversial [35], eight 
choice tasks were presented in each survey version in the 
pre-testing to assess how respondents coped. Blocking was 
used to increase the number of tasks that could be included; 
pre-testing included 32 choice tasks in total (four survey 
versions each with eight pair choices).
Table 1  List of all attributes of 
hypodontia care identified from 
the mixed methods in stage one 
with an indication of the source
Attributes selected for pre-testing in the discrete-choice experiment are shown in bold font
CC clinical consultation, PR patient resource, SI Short interview, SM social media, SR systematic review
Category Attribute concept Attribute Source
Service delivery Service factors Treatment planning
Adherence to treatment
Staff
Facilities
Location/access
SR, PR
SR
SR, SI, SM
SR, PR, CC, SI, SM
SR, PR, CC, SI, SM
Cost Direct costs
Indirect costs
SR, PR, CC, SI, SM
PR, CC, SI, SM
Impact of treatment Experience of treatment
Psychological impact
Physical impact
Self-care/behaviour
Impact on family/school
SR, PR, CC, SI, SM
SI, SM
PR, CC, SI, SM
PR, CC, SI, SM
CC, SI, SM
Risk Risk to health
Risk of complications
Treatment failure
SR, PR, CC, SI, SM
SR, PR, CC, SI, SM
SR, PR, CC, SI, SM
Time Treatment duration
Appointment schedule
Waiting time
Travel time
SR, PR, CC, SI, SM
PR, CC, SI, SM
SR, PR, CC, SI, SM
SI, SM
Treatment outcome Appearance Smile attractiveness
Dental appearance
Appearance of specific treatment
SR, PR, CC, SI, SM
SR, PR, CC, SI, SM
SR, PR, CC, SI, SM
Function Eating/biting/chewing
Speech
Mastication
Occlusion
Limitation to function
SR, PR, CC, SI, SM
SR, PR, CC, SI, SM
SR
SR
SR, PR, CC, SI, SM
Psychosocial Wellbeing
Own behaviour
Behaviour of others
Oral health-related quality of life
Perception of tooth replacement
SI, SM
CC, SI, SM
SI, SM
SI,SM
SI, SM
Dental health Tooth health
Periodontal health
Bone health
Occlusion
Dental health state
SR, PR
SR, PR
SR, PR
SR
SR
Harms Generic
Treatment specific
PR
SR, PR, CC, SI, SM
Long-term Psychosocial effect
Survival of treatment
Success of treatment
Implications for future treatment
Future treatment costs
SI, SM
SR, PR, CC, SI, SM
SR, PR, CC, SI, SM
SR, PR, CC, SI, SM
SR, PR, CC, SI, SM
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2.3.2  Choice Task Construction
Task construction aimed to reduce cognitive burden and 
optimise acceptability for the target respondent group. Ado-
lescents’ ability to trade-off attributes is seldom reported, 
and evidence for the optimum number of tasks is weak. To 
minimise the complexity of the choice tasks, paired choice 
tasks were used.
An opt-out was desirable to reflect that dental treatment 
for hypodontia is elective; however, there was concern that 
an opt-out may lead to high levels of non-response where 
the trade-off was judged to be difficult [36]. A status quo 
treatment [23] was not possible because of variations in 
individual care plans. To manage these challenges, a ‘no 
treatment’ option was included for pre-testing, but this was 
offered after a preference was given for one of the treatment 
options.
Generic labels were used for the options (treatment A and 
treatment B) because they did not reflect exact treatment 
options and there was a possibility that labels might encour-
age detrimental heuristics [37]. Two qualifying questions 
were included with the choice task: strength of preference 
(How much do you like treatment X?) and perceieved dif-
ficulty of choice (How easy was it for you to pick?) [23]. 
These were measured using a 5-point scale anchored with 
‘a lot’ to ‘not at all’ and ‘very easy’ to ‘very difficult’, 
respectively.
2.3.3  Survey Design
Survey components included an introduction to the survey 
and explanation of its purpose, questions to obtain demo-
graphic data, an explanation of the attribute and DCE task 
followed by the eight DCE choice tasks, and background 
questions identifying factors that may influence preference 
ratings. Background questions included questions about 
knowledge (based on the domains of the Illness Perception 
Questionnaire [38]), beliefs about dental treatment (devel-
oped from the Beliefs about Medicine Questionnaire [39] 
and the Beliefs about Surgery Questionnaire [40]), deci-
sion making (based on the SURE tool [41]), dental anxiety 
(5-point Likert scale) and the impact of hypodontia (using 
questions from a hypodontia-specific tool [42]).
A commercial research company experienced in collect-
ing and managing stated-preference data created an online 
survey delivered through a secure platform. Screening 
questions and methods for obtaining consent were tested to 
ensure acceptability for use in a future remote online sur-
vey. Screening questions asked respondents to confirm they 
had hypodontia, were aged 12–16 years, lived in the UK 
and had parental consent to answer the survey. Adolescent 
understanding of the questions was checked throughout the 
pre-testing, and parents were explicitly asked whether they 
found the level of consent acceptable.
2.4  Stage Three: Testing the Discrete‑Choice 
Experiment (DCE) Survey
Given the scant evidence about DCE design for adolescents 
and joint preference elicitation, rigorous pre-testing was 
undertaken using combined qualitative and quantitative 
methods. Pre-testing aimed to explore the acceptability and 
feasibility of proposed methods in a real-world sample.
2.4.1  Methods
Pre-testing was undertaken using two approaches:
• Cross-sectional survey employing cognitive interview 
methods [43] to test the validity and acceptability of 
the DCE survey. Contemporaneous analysis of feedback 
facilitated iterative modification and re-testing.
• Analysis of preference data to provide coefficient esti-
mates for each attribute level. Estimates were then com-
pared with qualitative feedback to estimate the validity 
and importance of attributes.
2.4.2  Sampling and Recruitment
A sample of 12 adolescents and eight parents were invited 
to participate, providing a total of 160 observations. Eligi-
ble participants were invited from two hospital orthodontic 
departments in Yorkshire. This included (1) adolescents 
aged 12–16 years with varying levels of severity of hypo-
dontia and at any stage of treatment and (2) parents or guard-
ians of adolescents with hypodontia. The only exclusions 
were people with hypodontia related to craniofacial syn-
dromes with significant comorbidities that would impact on 
healthcare provision, and any participants unable to provide 
consent. Purposive sampling was used based on age, sex, 
severity of hypodontia and stage of treatment.
2.4.3  Data Collection and Analysis
Participants (14 individual participants and three adoles-
cent–parent dyads) completed the DCE survey using a lap-
top in a private room. The researcher (SB) prompted par-
ticipants to verbalise thoughts as they worked through the 
survey and at the end asked questions focusing on the rel-
evance and importance of the attributes for making decisions 
about hypodontia treatment, the perceived complexity of the 
DCE task, time taken to complete the survey and clarity of 
instructions. All verbal responses were noted.
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Choices in the DCE choice tasks were collected automati-
cally by the online survey tool, and the numerical prefer-
ence data were collated for analysis using a conditional logit 
model (Box 1 in the ESM). The small sample size meant 
estimates were interpreted with caution, and no subgroup 
analyses were undertaken.
3  Results
3.1  Stage One: Attribute Development
Attribute identification methods resulted in the identification 
of five attribute concepts relating to service delivery and six 
attribute concepts relating to treatment outcome and impact 
(Table 1). Each concept included multiple attributes, and 
different descriptions were used within each attribute, for 
example, the attribute ‘bite’ was described as ability to bite, 
ability to chew, confidence to bite, ability to eat hard food, 
avoidance of certain foods. The source of each attribute is 
provided in Table 1; this demonstrates the value in using 
mixed methods to ensure comprehensive attribute identifica-
tion. Many of the attributes identified in the literature review 
were clinical markers that allow objective measurement of 
dental health and treatment effect by dental professionals, 
but these were difficult for adolescents and parents to under-
stand and interpret. Clinical consultations and patient infor-
mation resources rarely included comprehensive information 
relating to patient experience and outcome measures.
Initial elimination of inappropriate attributes resulted 
in a long list of 27 attributes relating to treatment process 
(n = 16) and treatment outcome (n = 11) (Table 1 in the 
ESM). These were included in a rating and raking question-
naire, which was completed in October–November 2017 by 
11 parents (two fathers, eight mothers and a guardian) and 
eight adolescents. The adolescent respondents showed a 
spread of age ranges and an equal sex balance but a dispro-
portionately high number of people with severe hypodontia. 
The questionnaire showed differences in adolescent and par-
ent scores (Fig. 1 in the ESM); however, general trends were 
identified, and these were used to discuss with stakeholders 
which attributes were most important to include. The selec-
tion process identified seven attributes representing differ-
ent attribute concepts that were agreed to be important to 
both adolescents and parents. Stakeholder input was sought 
regarding appropriate ranges for the attribute levels based on 
best available evidence identified in the literature review and 
clinical experience. Adolescent and parent advice regard-
ing language and framing of attribute levels to convey their 
intended meaning accurately to respondents was followed.
3.2  Stage Two: Survey Development
The attributes and attribute levels included in the DCE 
choice tasks for pre-testing are described in Table 2 in the 
ESM. The approach and rationale for survey development 
is described in Sect. 2.3. An example of the full survey is 
available on request.
3.3  Stage Three: Pre‑Testing
Pre-testing explored the acceptability of the DCE survey 
method, the validity of the attributes, and the ability of the 
method to encourage respondents to consider what is impor-
tant to them.
3.3.1  Acceptability of DCE Survey Method
The DCE survey method required modification to improve 
acceptability, as both adolescents and parents experienced 
difficulties understanding the purpose and method of the 
choice tasks. Adolescents in particular asked for ways to 
help process the task, such as highlighting the ‘better’ attrib-
ute in each scenario or a function to allow the preferred 
attribute in each scenario to be selected individually rather 
than having to make a choice between the whole profile. 
The ability to perform the DCE choice task appeared to be 
related to respondents’ ability to understand the concept of 
trading off attributes rather than the age of the respondent. 
Different approaches were trialled until respondents dem-
onstrated understanding of the choice tasks and the concept 
of trading-off.
3.3.2  Validity of Attributes
The validity of the DCE method was assessed by compar-
ing verbal feedback and preference estimates derived from 
the choices made in the DCE tasks. Statistical analysis of 
the preference data found most attribute coefficient signs 
behaved as expected based on the verbal feedback; that is, 
attribute levels that were perceived to be beneficial showed 
a positive sign, indicating a gain in utility, whereas those 
perceived as detrimental had a negative sign, indicating a 
loss in utility (Table 2 in the ESM). Compromised appear-
ance caused the greatest reduction in utility, followed by 
severe problems during treatment and no improvement in 
bite, which reflected respondent feedback that these were 
highly unfavourable.
Importantly, the verbal feedback and preference estimates 
for ‘waiting time’ and ‘discomfort’ were not in agreement. 
The positive attribute coefficient associated with increased 
waiting time suggested adolescent and parent respondents 
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gained utility from waiting, but this was contradicted by the 
verbal feedback, which suggested increased waiting time is 
not at all desirable. Similarly, for the parent group, there was 
a gain in utility for severe discomfort, but parents reported 
a preference for avoiding discomfort. It is likely that these 
results arose erroneously because of the small sample size; 
as a result, the attributes are to undergo further testing.
‘Cost of dental treatment in the future’ was shown to be 
problematic for adolescents in both the verbal feedback and 
the preference estimates. Adolescents reported little under-
standing or interest in cost, and there was little awareness 
that certain dental treatments will carry future costs. The 
attribute coefficients for adolescents suggested slightly more 
utility loss from a future cost of £50 per year than £250 
a year, which suggests an irrational response to the cost 
attribute. On the other hand, parents’ response to cost was 
as expected, with the highest cost demonstrating the greatest 
reduction in utility.
The disparity between the qualitative feedback and pref-
erence estimates emphasise the importance of including 
detailed pre-testing to examine attribute validity. In this 
study, reliance on preference estimates only would have 
misinformed attribute selection.
3.3.3  Validity of DCE Tasks
Cognitive interviewing and the additional probing ques-
tions during pre-testing provided evidence that the DCE 
tasks encouraged respondents to consider what is important 
to them. Completion of the DCE choice tasks by adoles-
cent–parent dyads promoted greater discussion around pref-
erences, treatment choices and willingness to compromise. 
The attributes provided prompts and a shared language to 
help adolescents articulate their concerns and priorities more 
effectively. Adolescents reported that outcome was most 
important and that they would ‘put up’ with less favourable 
process attribute levels. Parents placed value on appearance 
after treatment and avoiding problems during treatment. Two 
parents of adolescents near the end of treatment or post-
treatment commented that talking through the tasks helped 
them realise their child’s values had changed throughout the 
course of dental treatment.
3.4  Future Study
3.4.1  Modifications to the DCE Survey
The findings from the pre-testing, combined with further 
stakeholder input, have been used to revise the DCE survey 
to optimise its validity for use with the target respondents 
(Table 3 in the ESM). Contradictory results for ‘waiting 
time’ and ‘discomfort’ mean both will be included in the 
final DCE for further investigation. ‘Future cost of dental 
treatment’ was excluded based on the evidence from both 
methods of pre-testing, which indicated cost is not valid for 
the approach with adolescent respondents.
Estimates of attribute coefficients from analysis of the pre-
liminary DCE preference data were used to improve the effi-
ciency of the experimental design. To address the dominance 
of appearance, the design produced overlaps in the appear-
ance attribute between profiles in 18 of the 28 choice tasks. 
The final survey contains five parts: introduction (including 
screening and consent); demographic questions; DCE choice 
task; background questions; and closure (including sources of 
support). The presentation of choice tasks was simplified as 
much as possible, and full descriptions of each attribute were 
made easily accessible through information buttons through-
out the tasks (Fig. 2 in the ESM).
3.4.2  Planned Data Collection
Evidence from this study has been used to inform the future 
principal DCE survey methods (“Box 1”). This will involve 
both a face-to-face survey using cognitive interview methods 
to observe individual and joint decision making between 
adolescent–parent dyads alongside a traditional cross-sec-
tional online survey method to elicit preferences from ado-
lescents and parents (Table 2).
4  Discussion
This systematic research approach provided evidence to 
inform the design of a DCE that is acceptable to adoles-
cents with hypodontia and their parents for preference elic-
itation. The methods and data that were key to informing 
the design of the DCE tasks and survey are reported, and 
we are confident that—by including the target population 
during research development [44–46] and using patient-
centred research methods during attribute identification, 
selection and testing—we have ensured the attributes are 
relevant to the target audience. The cognitive interview 
method effectively tested respondents’ understanding of 
attributes, the number of tasks that could be managed and 
different approaches for explaining the attribute levels 
and task concept. This approach provided more informa-
tion than would have been gained by a larger-scale online 
pilot, which would only have provided preference data, and 
addressed issues arising from the lack of guiding evidence 
for DCE use with adolescents. For example, cognitive 
interviewing emphasised that ‘waiting time’ and ‘discom-
fort’ had not behaved as expected and should be included 
for further testing and confirmed that ‘cost of dental treat-
ment in the future’ was a problematic concept for adoles-
cents and should not be included in the final DCE. It may 
be argued that cost was valid for parents and its inclusion 
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would have been beneficial to assess its importance for 
parents; however, the copayment system for dental care 
in the UK presents challenges for valid interpretation of 
willingness-to-pay estimates and—although another DCE 
study has managed this by using DCE designs with and 
without a cost attribute [47]—this was infeasible within 
this study.
We acknowledged that the data presented were elicited 
from a small sample and, although this is appropriate for 
the development phase of a DCE, further data collection and 
analysis with a larger sample is required to describe prefer-
ences that are representative of adolescents and parents mak-
ing decisions about hypodontia treatment. Furthermore, the 
validity of DCE methods for use with adolescent respond-
ents requires careful evaluation; a number of complemen-
tary methods to investigate reliability and validity [48, 49] 
have been included in the future DCE survey (Table 4 in 
the ESM).
This study provides useful insight into the future work 
needed to address service and patient needs. Attribute iden-
tification demonstrated discrepancies in which aspects of 
care adolescents, parents and clinicians considered impor-
tant. For example, outcomes identified in the literature 
review included clinical markers of treatment effect but few 
patient-centred outcomes, such as impact of treatment on 
everyday activities. Future research into treatment efficacy 
and delivery needs to ensure outcome measures are used 
that will contribute to an evidence base that is relevant to 
patients. Pre-testing highlighted that patients and families 
have inadequate understanding of certain treatment attrib-
utes and there is a clear need for more decision support 
for patients and families to help them identify their own 
preferences.
The authors’ proposed use of the DCE developed by this 
process as a tool for exploring decision making between 
family members is novel. With appropriate use of qualita-
tive methods, this approach should provide insight into how 
Table 2  Description of the pilot and final survey
MNL multinomial logit
Pilot survey Final survey
Attributes and levels Seven attributes Six attributes
Two to three levels Two to three levels
Construction of tasks Full profile Full profile
Paired profiles Paired profiles
Inclusion of opt-out after forced choice Inclusion of opt-out after forced choice
Generic labelling Generic labelling
Experimental design Partial factorial (full factorial gives 972 profiles) Partial factorial (full factorial gives 324 profiles)
Experimental design—d-optimising efficiency, MNL main 
effects
Experimental design—d-optimising efficiency, MNL main 
effects, excluding dominant profiles, allowing overlap
Use of co-efficient priors from pilot to improve the efficiency
32 tasks as four blocks of eight 28 tasks as four blocks of seven (plus one repeat task per 
block)
Preference elicitation Motivation given at start of survey Motivation given at start of survey and before choice task
Explanation prior to choice task with practice task Explanation prior to choice task with non-dental example 
and annotated instructions for completion
Choice between pairs Choice between pairs
Strength of preference and self-reported dfficulty of choice 
(5-point Likert)
Self-reported difficulty of choice elicited with 3-point 
categorical scale
Instrument design Respondent demographics: age, sex, ethnicity, geographi-
cal location, number and location of missing teeth, gen-
eral and dental health, education, income
Respondent demographics: age, sex, ethnicity, geographical 
location, number and location of missing teeth, education
Background information: knowledge, beliefs about dental 
treatment, decision making, anxiety, impact of hypodon-
tia on quality of life, experience of dental care
Background information: decision making, anxiety, impact 
of hypodontia on quality of life, experience of dental care
Contextual information: full description of attributes and 
levels before task
Contextual information: description of attributes before task, 
attribute levels given in information box
Level of burden: 30–45 minutes to complete Level of burden: < 30 minutes to complete; mapping screens 
and colour coding to aid orientation
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people with hypodontia and their families make treatment 
trade-offs; this may support changes to the consultation pro-
cess and clinical care delivery. Our findings suggest that 
age is not a reliable indicator of whether or not adolescents 
have the capacity to be involved in complex decision making 
about treatment. The ability of adolescents of different ages 
to conceptualise short- and long-term consequences and 
trade-off of their treatment varied. This highlights one of the 
challenges for dental staff when attempting to involve people 
with hypodontia and parents in clinical decision making.
5  Conclusions
Mixed methods were essential to identify and select attrib-
utes that are important to adolescents with hypodontia and 
their parents. Use of cognitive interviewing during pre-test-
ing of the DCE survey tool enabled deeper exploration of 
adolescent and parent experience and understanding. Pre-
testing highlighted that ‘future cost’ is not a valid attribute 
for adolescents and that DCE choice tasks can be complex 
for both adolescents and parents. The protocol for the prin-
cipal DCE survey draws on the findings from the pre-testing 
stage: alongside a traditional cross-sectional online survey 
method to elicit adolescent and parent preferences, a face-
to-face survey using cognitive interview methods is planned 
to observe joint decision making in adolescent–parent dyads 
and to further explore the validity of DCE methods.
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Box 1 Protocol for Main Discrete‑Choice 
Experiment Survey
Aims
• To measure adolescent, parent and joint adolescent–
parent preferences for hypodontia care.
• To explore the negotiation process for reaching joint 
preference.
• To evaluate the validity of DCE for eliciting adoles-
cent and joint preferences.
Design
Cross sectional: UK-wide online survey to elicit prefer-
ences for hypodontia care from adolescents with hypo-
dontia and parents of young people with hypodontia.
Face-to-face: Observation of individual and joint DCE 
survey completion by adolescent–parent dyads to explore 
the negotiation process for joint decision making
Participants
Adolescents with hypodontia and their parents.
Sample Size
Cross-sectional: Sample size calculation is based on the 
pilot data following current suggested best practice. This 
indicates a minimum of 100 respondents per group or 
50 per subgroup are required for estimation of prefer-
ence data and to estimate the effect of subgroup factors 
(age, sex, severity of hypodontia, stage of treatment and 
anxiety). A recruitment matrix will be used to ensure 
adequate numbers per subgroup.
Face-to-face: Based on guidance for exploratory quali-
tative methods, a preliminary sample size of 15–30 ado-
lescent–parent dyads is proposed. Purposive sampling 
will be used based on age, sex, severity of hypodontia 
and stage of treatment. Data analysis will be undertaken 
contemporaneously to assess data saturation, and further 
recruitment will be undertaken if necessary.
Methods
Cross-sectional: Online survey to be completed at home 
by either (1) the adolescent alone, (2) the parent alone or 
(3) the adolescent and parent together.
Face-to-face: First adolescents and parents will com-
plete individual surveys separately then they will repeat 
the DCE choice tasks together under observation using a 
naturalistic approach. The repeat DCE choice tasks will 
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be the same version, but tasks will be ordered randomly 
to allow comparison of individual and joint preference 
data. The session will take place in a private room at each 
site and will be audio-recorded. At the end of the survey, 
the researcher will conduct a short interview to explore 
respondent experience of the DCE
Recruitment
Cross-sectional: Participant identification by the direct 
clinical care team at a number of participant identification 
centres across the UK. All adolescents meeting the inclu-
sion criteria will be invited to participate. A £5 shopping 
voucher will be given to all respondents to acknowledge 
their time contribution. Permission will be requested 
for contact via email to complete a re-test of the DCE 
choice tasks of a randomly selected sample of 10% of 
respondents
Face-to-face: Recruitment from three hospital sites in 
Yorkshire serving a diverse population. Potential partici-
pants will be identified by the direct clinical care team 
and all those eligible will be invited to participate. Par-
ticipants will be reimbursed for travel, and the adolescent 
will receive a £10 shopping voucher to acknowledge their 
time
Analysis
Statistical analysis of preference data will be undertaken 
using Stata v15 (StataCorp LLC, TX, USA)
• MNL model with main effects to estimate attribute 
level coefficients and relative importance of attribute 
levels with covariant analysis to determine the effect 
of specific demographic characteristics (age, sex, 
severity of hypodontia, stage of treatment, anxiety).
• Betas derived from the MNL will be used to calcu-
late marginal rates of substitution (willingness to wait, 
willingness to accept risk).
• External validity will be tested via the predictive valid-
ity of the DCE: Individual-level preferences for attrib-
ute levels will be estimated from the MNL model. A 
decision rule will be used to determine the level at 
which a treatment is assumed to be preferred. The con-
gruence between the predicted and actual treatment 
choice will be tested.
Qualitative analysis of the observation and interview 
data
• Audio-recordings will be transcribed and analysed 
using a phenomenological approach.
• A thematic framework will be developed to allow 
within- and cross-case comparison.
• Triangulation of data from the observation and inter-
view will enhance reliability.
DCE, discrete-choice experiment; MNL, multinomial 
logit.
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